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Abstract
In this article, we identify and examine opportunities for formative assessment provided 
by information technologies (IT) and the challenges which these opportunities present. We 
address some of these challenges by examining key aspects of assessment processes that 
can be facilitated by IT: datafication of learning; feedback and scaffolding; peer assess-
ment and peer feedback. We then consider how these processes may be applied in relation 
to the assessment of horizontal, general complex 21st century skills (21st CS), which are 
still proving challenging to incorporate into curricula as well as to assess. 21st CS such 
as creativity, complex problem solving, communication, collaboration and self-regulated 
learning contain complex constructs incorporating motivational and affective components. 
Our analysis has enabled us to make recommendations for policy, practice and further 
research. While there is currently much interest in and some progress towards the develop-
ment of learning/assessment analytics for assessing 21st CS, the complexity of assessing 
such skills, together with the need to include affective aspects means that using IT-enabled 
techniques will need to be combined with more traditional methods of teacher assessment 
as well as peer assessment for some time to come. Therefore learners, teachers and school 
leaders must learn how to manage the greater variety of sorts and sources of feedback 
including resolving tensions of inconsistent feedback from different sources.
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1  Introduction and Background
The future of assessment faces major challenges including making the best use of informa-
tion technologies (IT) to facilitate formative assessment that is important for improving 
learners’ development, motivation and engagement in learning. The underpinning work at 
EDUsummIT 2017, on which this article is based, focused on the one hand on identify-
ing the range and nature of opportunities for formative assessment provided by IT, and 
on the other hand on the associated challenges and evidence of how these challenges are 
addressed by research and current practice, and what known and as yet unresolved chal-
lenges remain.
While a variety of definitions are evident in the literature, we adopted a definition by 
Black and Wiliam (2009) who characterised formative assessment as the generation and 
interpretation of evidence about learner performance by teachers, learners or their peers 
to make decisions about the next steps in instruction. This definition is widely used and 
captures the purpose of formative assessment to support learning, the integration of assess-
ment into instructional activities and the main players in the process. Formative assess-
ment is often referred to as ‘Assessment for learning’ (AfL), because it views assessment 
as an integral part of the learning and teaching cycle, designed to support learning, allow-
ing decisions about future performance to be better founded than decisions made in the 
absence of formative evidence (Black and Wiliam 2009). For our purposes, we can also 
incorporate computers or mobile devices along with teachers, learners and their peers into 
the processes for generating and interpreting evidence.
Evidence from broad-scale meta-analysis has demonstrated that formative assessment 
improves learning with strong effect sizes (Hattie 2009) and has led to a renewed impetus 
for assessment to support learning in a variety of cultural contexts (for example, see Car-
less and Lam 2014). Formative assessment sits in contrast to summative ‘assessments of 
learning’ which are used to assess student learning and make judgements, that are typically 
based on standards or benchmarks, at the conclusion to a learning sequence.
In addition to assessment for and assessment of learning, assessment as learning is a 
phrase that has crept into common use in education and reflects a renewed focus on the 
nature of the integration of assessment and learning. It highlights the importance of the 
dialogue between learners and teachers and between peers engaged in formative assess-
ments. We argue that such integration can be supported and promoted by IT (Webb et al. 
2013).
In many countries, in recent years, a renewed focus on assessments to support learning 
has been pushing against the burgeoning of testing for accountability, which in some coun-
tries, renders effective formative assessment practices almost impossible (Black 2015). 
Moreover, a systematic review by Harlen and Deakin Crick (2002) revealed that a strong 
focus on summative assessment for accountability can reduce motivation and result in the 
disengagement of many learners from the learning and teaching process. At the same time, 
use of IT-enabled assessments has been increasing rapidly, as they offer promise of cheaper 
ways of delivering and marking assessments as well as access to vast amounts of assess-
ment data from which a wide range of judgements might be made about learners, teach-
ers, schools and education systems (Gibson and Webb 2015). Current opportunities for the 
application of IT-enabled formative assessment, including the harnessing of data that are 
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being collected automatically, are underexplored and less well understood than those for 
summative assessments. Previously, the possibilities and challenges for IT-enabled assess-
ments to support simultaneously both formative and summative purposes were analysed 
(Webb and Gibson 2015; Webb et al. 2013). Therefore, while these challenges remain, in 
this article we focus on the opportunities and challenges of IT supporting formative assess-
ment, rather than summative, because effective formative assessment is recognised as being 
important for learning (Black and Wiliam 1998) and has tended to be under-represented in 
discussions of computer-based assessment. More specifically, we identify a range of chal-
lenges for using formative assessment enabled by IT (Webb et al. 2017). In this article, we 
address some of these challenges by examining key assessment processes that can be facili-
tated by IT and then considering how they may be applied in relation to the assessment 
of horizontal, complex and transferable 21st century skills (21st CS). As we will discuss, 
21st-century skills are considered to be central to citizenship in the 21st-century (Voogt 
et  al. 2013) but refer to complex constructs encompassing multiple components, includ-
ing motivational and affective elements. Therefore, the assessment of 21st century skills is 
both important and challenging.
We focus first on highlighting the importance, for assessment, of affective aspects of 
learning and assessment because these are too often overlooked and yet are crucial for 
the success of the forms of assessment that we discuss throughout this article as well as 
being integrated into 21st CS constructs. Second, we address key aspects of assessment 
processes that promise to be greatly facilitated by the use of IT, such as datafication of 
learning, feedback and scaffolding, peer assessment and peer feedback. Third, we discuss 
and characterise the main challenges for using IT-enabled formative assessment and draw 
on recent research to examine ways of addressing them. Fourth, we focus more specifically 
on the challenges of assessing 21st CS, which we use as a context to examine how some of 
the approaches that we have identified may begin to address these challenges. Finally, we 
describe briefly some remaining challenges that we identified but considered that address-
ing them in depth was beyond the scope of this article. Thus, we aim to provide an over-
view of approaches to formative assessment and how they can benefit from IT as well as a 
specific focus on IT-enabled assessment of 21st century skills, including motivational and 
affective aspects.
2  Motivational and Affective Aspects Influencing Learners’ 
Engagement with Formative Assessment
While recognition that engagement and motivation are critical for learning goes back at 
least as far as Dewey (1913), the importance of affective factors in accurate assessment and 
feedback processes have not generally been given the attention they deserve (Sadler 2010). 
Instead, assessment has focused predominantly on cognitive factors. Vygotsky identified 
the separation of cognitive and affective factors as a major weakness of traditional psychol-
ogy since “it makes the thought processes appear as autonomous flow of ‘thoughts think-
ing themselves’ segregated from the fullness of life, the personal needs and interests, the 
inclinations and impulses of the thinker” (Vygotsky 1986, p. 10). The importance of non-
cognitive factors in learning and attainment is now well recognised (see for example Khine 
and Areepattamannil 2016) but taking account of such factors in assessments remains a 
challenge. Therefore, a key recommendation for all stakeholders is to develop awareness 
of the importance of emotional and motivational factors in both learning and assessment. 
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More specifically it is important to identify, represent/visualise learners’ emotional and 
motivational states and to use the data to inform the learning and teaching process.
A review of approaches to measuring affective learning has shown that while a range of 
different methods have been developed, measuring affective learning has proved to be diffi-
cult (Buissink-Smith et al. 2011). This is because affective attributes are wide-ranging and 
often involve complex interactions with each other and with cognitive aspects of learning. 
One subject where assessment of affective attributes is of obvious importance and has been 
developed is physical education where rubrics and checklists of both specific and holistic 
affective teacher assessment are available (see for example, Glennon et al. 2015). Another 
area where assessment of affective factors has been developed is in relation to professional 
behaviour of, for example, health professionals. Here learner involvement in a reflective 
process of assessment has been found to be a valuable part of the formative assessment 
process (Rogers et al. 2017). A relatively simple use of IT to facilitate this process is seen 
in the use of reflective blogs (see for example Olofsson et al. 2011; Wilson et al. 2016).
Current challenges for the use of IT are to develop tools addressing affective attributes 
that can: (1) provide information to facilitate instructional decisions; (2) support teachers 
in developing emotional aspects of the content they are teaching, and (3) help learners to 
increase their awareness. A useful first step in this regard is Harley et  al.’s taxonomy of 
approaches and features (Harley et al. 2017). Their taxonomy is designed to support the 
development of complete learning systems such as intelligent tutoring systems and it high-
lights one of the key benefits of ongoing formative assessments during the learning pro-
cess, that assessments can be modified to take account of learners’ emotional responses 
and current state. There remain major challenges for the design and development, across all 
content domains, of rubrics that take account of affective aspects. Furthermore, as we will 
discuss later, crucial affective aspects are critical for, and integrated into constructs of 21st 
CS.
3  Assessment Processes Enabled by IT
A range of different types of IT can support a wide variety of processes involved in assess-
ment. We have identified key aspects that show particular promise in relation to making 
use of IT as: datafication of learning processes; feedback and scaffolding; peer assessment 
and peer feedback. Although none of these processes are particularly new, they all can 
be supported by recent developments in IT and are also important for effective formative 
assessment.
3.1  Datafication of Learning Processes
In this article, we focus on the value of datafication for formative assessment, i.e., how to 
collect data, interpret/analyse and use that meaningful information to support teachers and 
learners in the process of learning. This includes data that are immediately processed and 
presented as part of the interactive learning processes as well as data analysed in the back-
ground and available for future analysis, e.g., “stealth assessment” (Shute 2011) or “quiet 
assessment” where learners and teachers are able to “turn up the volume” whenever they 
wish, in order to review progress (Webb et al. 2013).
In the earlier stages of research into datafication of education, “learning analytics” (LA) 
was of limited use because there was little focus on assessment purposes (Ellis 2013) so 
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Ellis proposed the need for “assessment analytics”. More recently the theory and practical 
elements of analytics have been further developed towards their use for assessment pur-
poses but developments for formative assessment purposes are still in their relatively early 
stages (Ifenthaler et al. 2018). Some learning contexts lend themselves to the use of assess-
ment analytics: for example Fidalgo-Blanco et al. (2015) developed a LA system to exam-
ine the performance of individuals in teamwork where they were interacting online through 
discussion boards. Their study focused on the value for teachers of obtaining timely infor-
mation about interactions and progress and therefore being able to improve their teaching 
decisions. Another study enabled learners themselves to access data about their learning 
and hence develop their self-regulation (Tempelaar et al. 2013). This study focused particu-
larly on emotional factors, whose importance we discussed earlier. Thus, the current litera-
ture points the way towards making use of LA for formative purposes to support learners 
and teachers and the two examples mentioned here are particularly relevant for 21st CS as 
discussed later in this article. However, there is an ongoing need for research, in multidis-
ciplinary groups, across different subject areas and modes of learning on how to collect, 
analyse and represent data, in such a way that it is useful to learners and teachers.
Learning data are usually visualised and analysed by using dashboards that can present 
the data in a variety of different ways (see Verbert et  al. 2014 for a review). Although 
the use of dashboards can support all stages of learning, and the analytics processes, e.g., 
awareness, (self-) reflection, sense making, and impact, have considerable potential to 
improve learning, it is not yet clear to what extent the use of a dashboard would result in 
behavioural changes or new understanding, because research on this impact is still limited 
(Verbert et al. 2013). A recent empirical study by Kim and colleagues illustrates the com-
plexity of dashboard design (Kim et al. 2016). The research found that students who used 
dashboards in their online learning had higher final scores than those who did not, how-
ever, the dashboard usage frequency did not influence their learning achievement, because 
more capable students tended only to access the dashboard on one occasion. Moreover, the 
Kim et al. (2016) study identified a range of factors that need to be further researched in 
relation to dashboard design including motivational elements for different types of learn-
ers, gender effects and how to match presentations to learners’ current needs.
3.2  Forms of Feedback and Scaffolds for Teachers and Learners to Make Sense 
of Data
In the meta-analysis by Hattie (2009), feedback was found to have one of the highest effects 
on student learning of all learning interventions. However, the value of feedback depends 
on the type of feedback and how it is delivered. Despite a renewed focus on providing 
detailed feedback, many learners failed to make use of the feedback because they had 
insufficient background knowledge to make sense of it (Sadler 2010). Sadler’s analysis sug-
gested that it was not only necessary to pay attention to the technical aspects of the feed-
back in terms of the knowledge content and relevance but also to take account of learners’ 
emotional responses, as discussed earlier in this article. In order to take account of these 
affective factors we suggest the need for ongoing dialogue involving teachers, learners and 
system designers in the process of creating systems that can be adaptive to contextual sen-
sitivities. Artificial intelligence techniques are supporting the development of adaptive sys-
tems. For example Chen (2014), in an experimental study of 170 eighth grade students, 
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found that an adaptive scaffolding system, that addressed both cognitive and motivational 
aspects of learning, promoted the learning of velocity and acceleration.
In line with Sadler’s earlier work in higher education, in a review of recent develop-
ments in computer-based formative assessment for learners in primary and secondary edu-
cation, Shute and Rahimi (2017) concluded that a key challenge was to design feedback 
that learners actually use. Furthermore, in order to encourage learners to use the feedback, 
evidence from many recent studies have confirmed the need to deliver feedback in manage-
able units and to use “elaborated feedback”, which includes explanations, rather than sim-
ple verification of whether or not the answer was right (Shute and Rahimi 2017).
Developments in IT have led to additional challenges through the availability of more 
different sorts and sources of feedback, including automatic feedback systems (see White-
lock and Bektik 2018 for a review). Thus, feedback can come from humans or be processed 
from data. Therefore, learners, teachers and school leaders have to learn how to manage 
this greater variety of sorts and sources including resolving tensions of inconsistent feed-
back from different sources. In order to facilitate this additional aspect of assessment lit-
eracy, we believe that it is important, in designing feedback systems, to give teachers and 
learners access to the data collection and processing model in addition to the final data 
state, using appropriate visualisation techniques as discussed earlier, to better understand 
the formative elements of the tasks.
3.3  Peer Assessment and Peer Feedback
Peer assessment and peer feedback are playing an increasingly important role in education 
so a key issue concerns the extent to which peer assessment and feedback can replace or 
complement teacher assessment (Erstad and Voogt 2018). In the context of higher educa-
tion, Liu and Carless (2006) argued for a focus on peer feedback, as a formative process 
that enables learners to take an active role in the management of their own learning, rather 
than peer assessment using grades. In school education, Black and Wiliam (2009) iden-
tified a key role for peer assessment and feedback as a precursor to self-assessment and 
development of self- regulated learning. In relation to using IT, Van der Kleij and Adie 
(2018), based on a review of recent research, found that IT can support peer feedback pro-
cesses in various ways, including: the use of social networking platforms for feedback dis-
cussions about homework; collaborative writing using online word processing and video. 
However, they concluded that it is how teachers support learners in developing their capa-
bility to assess the work of their peers, rather than the particular IT-use, that determines the 
effectiveness of the feedback. Learners need to have a good understanding of the assess-
ment criteria and the assignment task. These prerequisites vary, in their challenge, accord-
ing to the subject area and learning focus. Thus, for example, in creative writing, while 
it is relatively easy to enable young learners to identify key features in writing, such as 
alliteration or powerful adjectives, enabling them to assess the overall quality of the piece 
of writing is much harder to explain and model. Likewise, in learning science, a checklist 
approach for assessment criteria can easily be developed for enabling students to comment 
on the clarity and completeness of an explanation of a science experiment, but it is much 
harder, for example, to enable students to assess the quality of argument in an explora-
tion of an environmental dilemma. These examples illustrate both the challenge of enabling 
peer feedback and its value because, in order to utilise peer feedback effectively, teachers 
need clear learning objectives, a scheme of work showing progression in development of 
understanding and ways of making assessment criteria accessible to the students. These 
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pedagogical principles not only support peer assessment but their use would also help stu-
dents to understand what is required for their own learning.
In addition to developing learners’ content knowledge for peer assessment, there are 
emotional, social and cultural issues for consideration. For example, learners may not 
accept peer feedback as accurate or they may feel uncomfortable in assessing their peers or 
be unwilling to take responsibility (Carvalho 2010; Topping 1998). Thus, key challenges 
for enabling effective peer feedback include: establishing a safe environment in which 
learners feel comfortable and confident in their assessment capabilities; promoting, manag-
ing, timing and designing peer assessment and managing learners’ expectations.
Some research is beginning to point towards ways in which IT can address some of 
these issues. For example, in order to help a learner select an appropriate helper, an online 
peer assessment tool may provide him/her some information about social context (e.g., 
willingness to help) and knowledge context (e.g., achievement level) for each helper can-
didate. In the event of an incorrect answer, a learner can see the list of candidates for help, 
choose one of them based on that information, and send him/her a message with a request 
for help (e.g., about the correct answer and the reasoning applied). By implementing this 
approach, Lin and Lai (2013) found that compared to the traditional formative assessment, 
this approach resulted in better learning achievements, probably because of a high response 
rate of requests for help. Note that learners with higher centrality (i.e., social network posi-
tion) were more likely to ask for help from peers, and then they themselves would gradu-
ally taking over the role of target helpers for these peers.
4  Assessing Horizontal, Complex 21st Century Skills
21st CS is often used as an umbrella term to describe a wide range of competencies, “hab-
its of mind”, and attributes considered central to citizenship in the 21st century (Voogt 
et al. 2013). Theoretical constructs commonly employed and studied under this perspective 
are, for instance, creativity and critical thinking, complex problem solving, communication 
and collaboration, self-regulation, computer and information literacy (e.g. see Geisinger 
2016; Griffin and Care 2014 for conceptual clarification). These 21st CS are considered 
to be of growing importance in the context of current and future societal challenges, in 
particular with regard to the changing nature of learning and work driven by the evolution 
of the job market under the influence of automatization, digitalization and globalization. 
The discussion around 21st CS also emphasises competencies which enable responsible 
action when faced with complex and often unpredictable problems of societal relevance. 
Increasingly, this shift of focus towards complex competencies relating to authentic, com-
plex problems is also being called for in current psychological research on problem solv-
ing, where the past emphasis on primarily cognitive and rational forms of learning is being 
criticised (compare Dörner and Funke 2017). Here, we discuss first the challenges of clari-
fying the constructs of 21st century learning in order to consider how they might be meas-
ured. Then, we examine how IT may enable such assessment.
4.1  Challenges of Clarifying Constructs for Assessment of 21st‑Century Skills
21st CS are complex constructs comprising multiple elements, attitudes, behaviours or 
modes of action and thought that are transferable across situations and contexts. Many 
of these constructs lack a sharp definition and/or display varying degrees of theoretical 
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overlap in their definitions or the meaning of their sub-concepts (Shute et  al. 2016). To 
give an example, the construct Collaborative Problem Solving (CoIPS), described in Care 
et al. (2016), includes sub-concepts (e.g., critical thinking) which also appear in other con-
structs such as creativity (Lucas 2016). Certain skills defined in the construct “Computer 
and Information Literacy”, for example “evaluating information” (Ainley et al. 2016) form 
a part of the CoIPS construct, and so forth. This overlap on the level of theoretical con-
structs becomes even more pronounced on the level of concept operationalisation in the 
shape of certain behavioural, cognitive and emotional patterns (Shute et  al. 2016).Many 
of the 21st CS constructs, such as collaborative and complex problem solving and com-
puter and information literacy, have recently been studied more closely in comprehensive 
research projects such as those associated with the PISA surveys and the “Assessment and 
Teaching of 21st Century Skills” (ATC21) Project (for example see Griffin and Care 2014). 
However, incorporation into curricula and integration of formative and summative assess-
ment practices of 21st CS in schools often lags behind (Erstad and Voogt 2018). On the one 
hand, typical barriers might be attributed to certain social and educational policies, such 
as the traditional organisation of the curriculum by subjects or accountability structures 
which prioritise typical indicators of academic success, such as mathematics, science, or 
language literacy. On the other hand, the complexity of 21st CS constructs presents another 
significant challenge to their assessment, which can only insufficiently be addressed by the 
classic repertoire of methods, e.g., multiple-choice questions or self-report measures (Erci-
kan and Oliveri 2016; Shute and Rahimi 2017). Furthermore, 21st CS contain an assort-
ment of diverse, but interconnected skills and competencies, which are latent and thus not 
directly measurable constructs. Therefore, we argue that they must first be linked to spe-
cific complex and context-dependent, and therefore possibly dynamic, behavioural patterns 
via a theoretical model. If, for example, the aim is to assess the quality of collaboration in a 
group, a number of questions arise: What would constitute a good measure? The quality of 
the end-product, the creativity of the solution or the satisfaction of the team members with 
the social interactions in that group? Normative considerations enter the equation here as 
well. Furthermore, how do different patterns of learning activities relate to a (latent) trait, 
e.g., creativity? And how stable are these patterns with regard to different types of prob-
lems, or social/cultural contexts of the learning situation? The translation of theoretical 
(and normative) considerations into an adequate measurement model and the derivation of 
meaningful interpretations of learners’ performances which then enable possible adjust-
ments of learning processes is not only important for summative measurement. When mak-
ing use of the new possibilities for tracking and analysis of learning activities in digital 
environments it is crucial to explicitly state and theoretically justify ascriptions of mean-
ing and possibilities for interpretation when analysing this data in the context of formative 
assessment.
4.2  New Opportunities Provided by IT for Assessing 21st Century Skills
Considering the challenges for formative assessment of 21st CS that go hand in hand with 
the endeavour to capture, visualise and feedback these complex cognitive, emotional and 
behavioural patterns, IT-based developments create high hopes for new opportunities 
(Shute and Rahimi 2017; Webb and Gibson 2015). An example would be the assessment 
of multidimensional learner characteristics, such as cognitive, metacognitive and affec-
tive, using authentic digital tasks, such as games and simulations (Shute and Rahimi 2017). 
Working in digital learning environments also brings with it a set of expanded possibilities 
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with respect to documentation and analysis of large and highly complex sets of data on 
learning processes, including log-file and multichannel data, in varying learning scenarios 
(Ifenthaler et al. 2017). For example, the retrieval of the time dimension, the context, and 
the sequence of occurrence of different behaviours, which could also involve the use of 
certain strategies, the posting of certain comments or the retrieval of specific learning con-
tent at given times in the problem-solving process, allow for the digital analysis of these 
“traces of learning” through sequence analysis or social network analysis. Furthermore, 
behavioural patterns of interest can be combined with data derived through more “tradi-
tional” methods, such as test-scores for digital literacy, self-report measures for motivation, 
self-efficacy, personality or information obtained from data in open language-based for-
mats, e.g., reflective thoughts in chats, blogs or essays, which can be put through digitally 
assisted analysis e.g., natural language processing.
Some of the current research on digitally assisted assessment explicitly focuses on the 
“theory-driven measurement” of 21st CS. Examples are recently designed tests for col-
laborative problem solving (Herde and Greiff 2016), complex problem solving (Greiff 
et al. 2016) or ICT-literacy (Ainley et al. 2016; Siddiq et al. 2017). In tests for collabora-
tive problem solving, as developed in the international project, ATC21S (Griffin and Care 
2014), as well as in the PISA assessments (Herde et al. 2016), learners interact with peers 
(ATC21S) or an intelligent virtual agent (PISA) to solve problems of varying complex-
ity. These assessments use (more or less) controlled digital learning scenarios for captur-
ing and analysing a variety of behavioural process data in order to create indicators which 
form scale values, competence levels or prototypes. A game-based example is the learning 
environment “Use Your Brainz”, where four areas of problem-solving competence can be 
assessed: analysing, planning, using tools and resources, monitoring and evaluating (Shute 
et al. 2016). The development of these tests provides a good illustration of the complex-
ity of the design process, starting with theory-based modelling of analytic categories, the 
development of a learning environment in which the heterogeneous data sources can be 
captured, and the design of supportive tools for automated analysis and feedback. Feed-
back, in these test environments, is usually designed for teachers, researchers or other 
stakeholders in educational administration, who can identify areas of development for 
learners or classrooms. The challenge remains to identify the types of information and the 
feedback format that will provide effective learning impulses directly to learners, as dis-
cussed earlier.
In addition to the body of research focusing on theory-driven measurement, other stud-
ies take what might be characterised as a more “data-driven” approach. Here, the new pos-
sibilities for continuous “quiet” capture and analysis of rich process data in digital learn-
ing environments, such as learning management systems, blogs, wikis etc., can be used 
to explore and identify behavioural patterns in relation to 21st CS. For example, specific 
performance outcomes may be measured, or certain learning patterns or “error patterns” 
may be correlated with a large number of other user data, to allow predictions regarding 
effective next steps towards obtaining specific skills, such as critical thinking. Greif et al. 
(2016), for instance, analysed log-files of performance data from a computer-based assess-
ment of complex problem solving using the “MicroDYN approach”. They found certain 
behavioural patterns were associated with better performance. Similarly, the identification 
of particular decision patterns occurring during a digital game can be typical of pupils 
with differing creative thinking skills. In addition, with regard to automated assessments 
of collaborative processes, the knowledge contributions and interaction patterns of differ-
ent learners can be analysed in real time and compared with ideal/typical interaction pat-
terns in order to derive recommendations for the use of effective cooperation strategies for 
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learners or for effective group compositions for teamwork (Berland et al. 2015; Fidalgo-
Blanco et  al. 2015). Going beyond the data analysis process to provide a tool to enable 
learners to engage in peer support, Lin and Lai (2013) used Social Network Analysis, as 
discussed earlier.
In both the theory- and the data-driven approach, the focus is often on the identification 
of meaningful information from which recommendations for the next steps of the learning 
process can be derived. Although these steps are not always fully automated, the results 
of the data analysis guide and structure the decisions of learners and teachers to a large 
extent. If, instead, one focuses on the processing of data by the learners themselves, real-
time feedback can be seen as the trigger for self-regulating, cognitive and metacognitive 
learning processes and thus contributes to the development of competences in this area. 
Generally speaking, this applies to most 21st CS, which in some form all include reflexive, 
metacognitive processes, whether it is about adopting differing perspectives in collabora-
tive problem solving, weighing up diverse lines of argumentation and reflecting one’s per-
sonal attitudes in critical thinking or the use of particular problem-solving heuristics in cre-
ative thinking. Research here focuses on the development of tools for the visualization and 
presentation of data for learners and for pedagogical scaffolding of learning processes in 
order to initiate effective cognitive and metacognitive processes. Computer-based assess-
ments for learning which include such tools, e.g., articulating the rationale for making a 
specific response, stating confidence, adding and recommending answer notes may support 
the development of self-regulated learning skills (see for example Chen 2014; Mahroeian 
and Chin 2013; Marzouk et al. 2016). In the context of self-regulated learning, the ques-
tion of what kind of feedback will actually engage individual learners and motivate them 
to become self-regulated learners becomes critical (Tempelaar et al. 2013). In summary, 
research challenges for self-regulated learning in the context of assessment of 21st-century 
learning include:
• Development of tools for creating automated knowledge/concept visualization for indi-
viduals or groups, e.g., concept maps from written text or other formats, which can be 
compared to expert maps/reference models (see for example, Ifenthaler 2014) to indi-
cate issues for the learner to consider, e.g., cohesion gaps in critical writing (Lachner 
et al. 2017).
• Applications for Social Network Analysis for visualisation and analysis of learner sta-
tus, e.g., knowledge/expertise/willingness to help, and learner interaction, which might 
potentially promote important preconditions for effective teamwork, such as transactive 
memory and perspective taking. Indicators such as social distance and centrality in a 
network can be used to visualise collaborative efforts in groups, which might help to 
develop self-regulated learning strategies such as managing resources, and seeking sup-
port (e.g., Lin and Lai 2013).
• Analysis of learners’ free-text responses via natural language processing techniques to 
automatically detect rhetorical patterns or indicators which can be interpreted in terms 
of reflective or creative thinking and support formative assessment of these skills (see 
for example Bektik 2017; Rodrigues and Oliveira 2014).
• Research on appropriate quantity, complexity and timing of metacognitive prompts in 
different user/age groups to tackle problems associated with cognitive load or motiva-
tion. Studies have for instance shown that metacognitive scaffolding (e.g., reflection 
prompt, goal setting) can also have negative impacts on intrinsic motivation and self-
concept (Förster and Souvignier 2014; Maier et al. 2016).
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• Research on pedagogical virtual agents tutoring learners on how to organise and guide 
their own learning contexts (Johnson and Lester 2016).
• Automated analysis and integrated visualization of rich e-portfolio data for the develop-
ment of reflective and critical thinking capabilities.
Learning analytics and educational data mining generate high hopes for a renewed 
focus on formative assessment of 21st CS (Gibson and Webb 2015; Spector et al. 2016). 
In addition, a continuous unobtrusive background measurement of performance (Shute 
2011; Webb et  al. 2013) enables minimal disruption of learning processes and immedi-
ate feedback, which is very important for the automation and routinisation of self-regula-
tory learning strategies. Furthermore, progress with automated, real-time natural language 
processing opens new possibilities in the area of reflective and critical thinking. However, 
meaningful analysis of the data collected is often very difficult and requires strong theoreti-
cal grounding and modelling as well as verification of validity, gained for instance in com-
plex evidence-based design processes. Due to the complexity of the 21st CS constructs, 
validity of detected behavioural patterns should be investigated in a comprehensive man-
ner, i.e., not only via correlations with certain outcome measures, but also by identification 
of causal chains that lead to such outcomes. Case studies using think-aloud protocols might 
be a promising approach here (Siddiq and Scherer 2017). With regard to validity issues of 
complex and collaborative problem solving, formative assessment of 21st CS should aim to 
address authentic and complex learning opportunities and, when possible, not limit itself 
to “simpler” problems for ease of measurement (Dörner and Funke 2017). In this context, 
game environments and virtual worlds have a great potential for development, but require a 
concerted interdisciplinary effort by a variety of stakeholder groups.
5  Conclusion and Recommendations
In this article, we examined some of the key challenges for formative assessment and ways 
of addressing them especially in relation to 21st CS. More specifically, we highlighted 
the importance of affective aspects of learning and assessment, which we argued, are par-
ticularly important for 21st CS such as creativity, complex problem solving, communica-
tion, collaboration and self-regulated learning. We focused particularly on opportunities 
and issues associated with learning/assessment analytics; feedback and scaffolding; peer 
assessment and peer feedback. Regarding the challenges of assessing horizontal, general 
complex 21st CS, we identified some developments in ways of assessing these skills and 
competences especially concerning datafication of learning processes and the use of ana-
lytics. While there is currently much interest and research in developing learning/assess-
ment analytics for assessing 21st CS, it is highly likely that the complexity of assessing 
such skills, together with the need to include affective aspects will mean that using IT-ena-
bled techniques will need to be combined with more traditional methods of teacher assess-
ment as well as peer assessment for some time to come. Therefore, learners, teachers and 
school leaders have to learn how to manage the greater variety of sorts and sources of feed-
back including resolving tensions of inconsistent feedback from different sources. In order 
to facilitate this additional aspect of assessment literacy, we believe that it is important, in 
designing feedback systems, to give teachers and learners access to the data collection and 
processing model in addition to the final data state, using appropriate visualisation tech-
niques as discussed earlier, to better understand the formative elements of the tasks.
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Particularly with regard to 21st CS, a significant challenge for the design of formative 
assessment is to find a good balance between automated assessment, i.e., highest possi-
ble adaptivity to the individual characteristics of the learner, and the active and “construc-
tivist” role of learner and teacher. When making use of feedback information, a highly 
restricted space for interpretation and decision-making could be counterproductive with 
regard to the learning benefits concerning 21st CS. In this context, it is relevant to also 
consider potential unintended consequences of feedback, for instance with respect to the 
learners’ experience of autonomy and competence (Sadler 2010). Here the value of peer 
feedback, as discussed earlier, needs to be considered as an alternative or in conjunction 
with automated assessment and assessment analytics.
Learners and teachers should be supported regarding interpretation of the data, the asso-
ciated learning decisions and the possible consequences. It is important to design peda-
gogical and technological scaffolds for learners and teachers that are directly integrated 
into the tools applied. Furthermore, the significance of formative assessment of 21st CS 
should be reflected in educational standards and curricula, as this influences the investment 
of resources in this area.
In addition, to make formative assessment of 21st CS effective, teachers and learners 
require a high degree of assessment literacy as discussed earlier (Erstad and Voogt 2018). 
To complicate matters, their interpretations and decisions are also influenced by their 
beliefs regarding the value of formative assessment and the achievement of 21st CS (e.g., 
Valtonen et al. 2017). Research looking at the interplay between knowledge, beliefs and the 
implementation of assessment practices might identify hindering factors, which could for 
instance be addressed in the context of teacher training.
In order to provide a comprehensive overview of formative assessment practices in 
relation to developments in IT-enabled assessment, we must mention privacy and ethi-
cal issues, which although not addressed in this article are of critical importance if the 
use of digital data in assessments is to serve learners well. Learners and teachers leave 
“digital traces”, but are, at the same time, often not aware of the possible consequences 
of their digital activities. The same is true for different groups of stakeholders, who ena-
ble the collection and use of different types of data at different levels of the educational 
system (learner, teacher and classroom, school, etc.). Therefore, important questions must 
be addressed regarding who has access to the data, and for which purpose. For instance, 
companies might control access to certain data, and governing institutions of an educa-
tional system may use information for steering purposes. As Breiter and Hepp (2018) point 
out, the digital data generated and the digital traces left behind are not ‘neutral phenom-
ena’ which reflect the natural behavior of learners, but rely on the technical and analytical 
procedures of the researcher, administrations, and companies that produce, shape and use 
the data. Therefore, schools need to be careful when arranging contracts with providers of 
digital learning materials to ensure that the data belong to the school and are used only for 
dialogue between teachers and their students.
The complex role of IT in the provision of formative feedback is highly situated and can 
be shaped by numerous micro-, miso-and macro-contextual factors. As such, this research 
stream requires ongoing research to ensure that high quality, usable information is provided 
to teachers and learners. In summary, our recommendations for major research challenges 
to be addressed include multidisciplinary investigation into assessment analytics in order to 
determine how to make data available in useful ways for learners and teachers and research 
into how to support the development of self-regulated learning of 21st CS. For teachers 
and learners, we recommend increasing awareness of the importance of emotional aspects 
of learning and assessment, in particular in relation to complex 21st CS. Furthermore, we 
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suggest that it is important for teachers and learners to expect to be able to participate 
fully in not only the assessment processes but the design of new assessments and therefore 
developing assessment literacy is crucial. For policymakers, awareness of the importance 
for learning of formative assessment and how it can be supported by IT, may enable a 
move away from the strong focus on summative assessment to supporting the development 
of formative assessment. Furthermore, addressing the need for curricula to represent fully 
21st CS and for these to be adequately assessed should be a priority.
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